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STUDY
A Day at the Beach While on Tropical Vacation
Sun Protection Practices in a High-Risk Setting for UV Radiation Exposure
David L. O’Riordan, PhD; Alana D. Steffen, PhD; Kevin B. Lunde, BS; Peter Gies, PhD
Objective: To conduct an assessment of levels of UV
radiation (UVR) exposure and the range of sun protec-
tion behaviors of beachgoers at a popular vacation
destination.
Design: Participants completed the sun habits survey
prior to entry to the beach and completed an exit survey
on leaving regarding their sun protection practices while
at the beach. Ambient UVR was monitored using poly-
sulfone dosimeters.
Setting: A popular beach for vacationers in Honolulu,
Hawaii.
Main Outcome Measures: Sun protection practices
and UVR.
Results: Participants spent an average of 3 hours at the
beach and received an estimated UVR dose of 10.4 stan-
dard erythemal doses. Latent class analysis identified 3
homogeneous classes with distinct characteristics and sun
protection behaviors. Those in class 1 (unconcerned and
at low risk) were at least risk of skin cancer, intended to
tan, and used the least amount of sun protection. Those
in class 2 (tan seekers) had the second highest risk of skin
cancer, had the highest proportion of women, became
sunburned easily, intended to tan, had used tanning beds
in past 30 days, and had the highest proportion of sun-
screen coverage and the least clothing coverage. Those
in class 3 (concerned and protected) had the highest skin
cancer risk, the highest proportion of clothing coverage
and shade use, and were more likely to be residents of
Hawaii.
Conclusions: Beachgoers were exposed to 5 times the
UVR dose required to result in erythema among unpro-
tected fair-skinned populations. Latent class analysis was
effective in identifying subgroups of beachgoers who
would benefit from targeted, population-based interven-
tions aimed at reducing skin cancer risks while enjoy-
ing outdoor leisure-time activities.
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I N THE UNITED STATES, SKIN CAN-cer incidence and mortality, par-ticularly cutaneous melanoma, at-tributable to outdoor exposure toUV radiation (UVR) has in-
creased rapidly in the past 3 decades.1,2 Be-
havioral recommendations for the preven-
tion of skin cancer aim to reduce exposure
to UVR by limiting time spent in the sun,
seeking shade during periods of peak UVR,
using a sunscreen with a sun protection fac-
tor (SPF) of 15 or higher, wearing protec-
tive clothing (hat, shirt, pants) and sun-
glasses, and making sun safety a regular
habit.3 The US Department of Health and
Human Services Health Objectives for the
year 2010 include these recommendations.4
Frequent, intermittent overexposure to
UVR, such as that obtained during out-
door recreation activities or vacations at
sunny locations, has been reported to re-
sult in notable increases in the develop-
ment of basal cell carcinoma5 and mela-
noma.6-9 Adults and adolescents are
particularly at risk for intense, episodic sun
exposure while on vacation or in “high-
risk” environments such as beaches.10,11
Tropical vacations represent not only the
potential for high levels of UVR exposure
because of location but also because “sun-
intense” activities are preferred12 and va-
cationers plan to suntan13 and are pre-
pared to become sunburned in the
process.14 It has been estimated that a
3-week vacation to Hawaii has the poten-
tial to double an individual’s annual dose
of UVR.15 We conducted a multimeasure
assessment of levels of UVR exposure and
the range of sun protection behaviors of
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beachgoers at a popular vacation destination. Although
previous research has described the frequency of sun safety
behaviors used, we examined how individuals practiced
sun safety in this high-risk setting considering their con-
stitutional risk for skin cancer and intention to tan.
METHODS
SETTING
The setting for this study was a beach in Honolulu, Hawaii, that
is popular for swimming and snorkeling and attracts approxi-
mately 2500 visitors a day. This setting was chosen because the
entrance and exit for the beach are limited to 1 location, pro-
viding an ideal opportunity to recruit participants and reduce
attrition.
PROCEDURE
Data collection was undertaken over 3 days during February
and March 2004 and has been described previously.16 Briefly,
participants were recruited while waiting in line for admit-
tance to the beach. Our goal was to recruit 30 people a day for
3 days. We commenced recruitment at 8 AM, and our last per-
son was recruited around 2 PM on each day. At 15-minute in-
tervals, approximately every sixth person was approached, al-
ternating between males and females and allowing only 1 person
from each group or family to participate. A total of 130 people
were approached to be involved and 90 consented, resulting
in a recruitment rate of 70.3%. Once consent was obtained, par-
ticipants completed the “Sun Habits Survey,” which took ap-
proximately 5 minutes. On leaving the beach, they completed
an exit survey of their sun protection practices while at the beach
and were given a small gift in appreciation for being involved.
All procedures were approved by the committee for human sub-
jects at the University of Hawaii at Manoa.
INSTRUMENTS
A Sun Habits Survey was completed on entry to the beach and
required participants to respond to a range of items related to
UVR exposure and sun protection practices. Items included
demographic information such as sex, date of birth, level of edu-
cation, ethnicity, and place of residence. Participants were asked
to report on their use of sunscreen prior to coming to the beach
and where applied (face and nose, ears, neck and shoulders,
back, arms, thighs and upper knees, and chest and stomach).
Participants were also asked to report on the color of their skin
as a result of the sun within the past 48 hours, use of a tanning
salon in the past month, and their intention to acquire a tan
while on the beach that day.
The Sun Habits Exit Survey required participants to report
on their UVR exposure and sun protection behaviors while at
the beach. Items included time spent at the beach, use of shade,
time spent in shade, and time spent in the water. Participants
were also asked about the type of clothing most often worn while
on the beach and when in the water, and the survey addressed
the type of clothing worn on the upper body (nothing, bikini
top, 1-piece swimsuit, tank top, short- or long-sleeved shirt),
lower body (bikini bottom, men’s swimming brief, shorts, skirt,
pants), type of footwear (slippers, sandals, shoes, or sneak-
ers), head wear (nothing, cap, brimmed or legionnaire-type hat),
and sunglasses (yes or no). Participants were also asked about
their use of sunscreen while at the beach and where it was ap-
plied (face and nose, ears, neck and shoulders, back, arms, thighs
and upper knees, and chest and stomach). Finally, partici-
pants were asked, “How much sun do you think you received
while at the beach today? Enough to cause your skin to not
change color, tan a little, tan a lot, turn pink, or turn red?” Over-
all, items pertaining to amount of time spent outside, clothing
worn, and sunscreen use demonstrated good criterion validity
when compared with direct observation and sunscreen swab-
bing samples.16
Skin cancer risk was assessed using the Brief Skin Cancer
Risk Assessment Tool (BRAT),17 which includes questions about
subjects’ propensity to sunburn, skin color, hair color, num-
ber of moles and freckles, where they lived most of their child-
hood, and their history of severe sunburns and skin cancer. Ques-
tions about phenotypic characteristics were asked on the Sun
Habits Survey, and questions pertaining to history of sunburn
and skin cancer were asked on the Sun Habits Exit Survey. The
BRAT items are weighted based on the epidemiologic litera-
ture and used to categorize participants into low-, moderate-,
or high-risk groups.
Polysulfone dosimeters were used to monitor levels of am-
bient UVR at the beach from 8 AM to 4 PM on each day of data
collection. Polysulfone dosimeters that are used for the mea-
surement of ambient UVR should not exceed a level of absor-
bance of 0.5 to provide accurate readings.18,19 Therefore, 2 poly-
sulfone badges were simultaneously exposed and replaced every
hour and then placed in a light-proof envelope to prevent fur-
ther photodegradation.
DATA PREPARATION
Polysulfone dosimeters were calibrated prior to field use, using
a standard protocol developed and conducted by the Austra-
lian Radiation Protection and Nuclear Safety Agency. This pro-
cedure has been reported in previous research measuring am-
bient and personal UVR exposure18-20 that provides an
erythemally effective dose in a reading of joules per meters
squared.19 This reading was then converted to standard ery-
themal dose (SED) units, which is equivalent to 100 J/m2.21 Two
polysulfone dosimeters were used at each interval to serve as a
reliability check and were correlated at r=0.99. The mean of
the 2 readings was used for further analyses.
Personal UVR exposure was calculated from researcher ob-
servations of participant arrival and departure from the beach
(excluding the time they reported using shade) and ambient
UVR recorded using the polysulfone dosimeters during that time.
This provided an estimated UVR dose that each individual could
have received while in the sun at the beach and is reported in
SED units, not accounting for personal sun protection af-
forded by sunscreen or clothing.
Individual sun protection practices reported in the exit sur-
vey were dichotomized for use in bivariate analysis. “Hat use”
was recoded to classify the use of any type of hat (yes indi-
cated a cap or a brimmed or legionnaire-type hat, and no in-
dicated no headwear). Upper-body clothing was recoded from
6 categories to identify the use of a shirt with sleeves (yes in-
dicated a short- or long-sleeved shirt, and no indicated none
or a bikini top, 1-piece swimsuit, or tank top). Lower-body cloth-
ing was recoded from 4 categories to identify use of “shorts/
skirt” (yes indicated shorts or skirt, and no indicated a bikini
bottom or men’s swimming brief). Footwear was recoded from
4 categories to identify any use of footwear (yes indicated slip-
pers, sandals, shoes, or sneakers, and none indicated no foot-
wear). The use of sunglasses (yes or no) remained unchanged.
The clothing coverage index was calculated from individu-
als’ reported use of clothing worn while on the beach and in
the water. The clothing coverage index provides an estimate
of the percentage of the body covered by clothing and has been
described previously.22,23 A total of 17 separate body segments
(REPRINTED) ARCH DERMATOL/ VOL 144 (NO. 11), NOV 2008 WWW.ARCHDERMATOL.COM
1450
©2008 American Medical Association. All rights reserved.
Downloaded From: http://archderm.jamanetwork.com/ by a UQ Library User  on 11/12/2015
were identified, and whether each was covered or not was de-
termined by the exit survey under shorts or skirt use, sleeve
length, or hat use. Each segment was weighted according to
percentage of the total body surface area it occupied on a per-
son of average proportions and assuming standard coverage for
like articles of clothing (eg, 26.4% coverage for all shorts or
skirts). The weighted scores were then summed to give an in-
dex of the proportion of the body covered by clothing.23
The sunscreen coverage index provided an estimate of the per-
centage of the body covered by sunscreen excluding that already
covered by clothing. Using a procedure similar to that used to
calculate the clothing coverage index, an estimate of sunscreen
coverage at each anatomical site was applied: face and nose,4.0%;
ears,1.5%; neck and shoulders,7.1%; back,12.0%; arms (exclud-
ing hands),10.8%; thighs and upper knees, 14.4; and chest and
stomach, 12.0%. For each anatomical site for which sunscreen
use was reported, the percentage of coverage by clothing was then
subtracted. For example, if an individual reported applying sun-
screen to his or her arm and wore a short-sleeved shirt, the ini-
tial estimate of sunscreen use would have been 10.8% −3.6% for
coverage by the short sleeves, resulting in sunscreen coverage score
on the arm of 7.2%. A similar approach was adopted for all cloth-
ing sites. Reported hat and sunglass use were not included in the
development of this index.
The BRAT was used to categorize participants into low-, mod-
erate-, or high-risk groups based on previously established cut-
off points.17 The BRAT scores ranged from 4 to 68; individuals
scoring 26 or lower were categorized as a “low risk,” those with
scores of 27 to 35 were considered “moderate risk,” and those
with scores of 36 or higher were classified as “high risk.”
STATISTICAL ANALYSIS
Descriptive statistics (frequencies, means [SDs]) were used to
examine the distribution of the measures; 2 was used to test
for bivariate associations between categorical variables, and Wil-
coxon, Kruskal-Wallis; and F tests were used for associations
between categorical and continuous variables using SAS sta-
tistical software (version 9.1; SAS Inc, Cary, North Carolina).
Latent class analysis (LCA) was used to explore the data for
homogeneous subgroups of individuals on the basis of their con-
stitutional risk (BRAT risk category), intention to tan, and pat-
tern of sun protection behavior (shade use, clothing coverage,
and sunscreen coverage) adjusting for age, white race (yes or
no), and sex. Mplus software (version 4.1; Muthe´n & Mu-
the´n, Los Angeles, California) was used to conduct the LCA,
which provides a person-centered approach that enables group-
ing of individuals who are similar to each other and different
from other groups.24 The LCA allows for continuous, ordinal,
and categorical independent variables and adjustment for co-
variates.24 Individuals are assigned to one of “” classes based
on the independent variables by maximum likelihood. Mod-
els with 2, 3, and 4 classes were assessed using the Lo-Mendell-
Rubin (LMR) adjusted likelihood ratio test and entropy (range,
0-1), which tests the adequacy of the number of classes and
how well the classes can be distinguished, respectively.24 Classes,
assigned by posterior probabilities, were tested further to see
if they differ on behaviors and outcomes such as tanning bed
use and recent tanning or sunburn using 2 and F tests.
RESULTS
PARTICIPANT CHARACTERISTICS
Participant characteristics have been reported previ-
ously.16 In short, 88 participants were evenly distrib-
uted between males (51%) and females. Their mean (SD)
age was 40 (13.8) years (range,19-74 years), 68 (77%)
were white, and 40 (47%) reported having at least a col-
lege degree. Most participants (n=75 [86%]) reported
being on vacation. Participants spent a mean (SD) time
of 2.7 (1.06) hours at the beach (range,0.37-4.92 hours).
Based on the items for the BRAT, 34% (n=29) of the
sample was categorized as low risk; 44% as moderate risk
(n=38), and 22% as high risk (n=19) (based on a total
of 86 participants; some data were missing). Sex differ-
ences were few in this sample of beachgoers. There were
proportionally more white males in this sample (n=38
[84%]) compared with white females (n=30 [70%]), al-
though this trend did not reach statistical significance
(P=.10); BRAT risk groups were not statistically signifi-
cant by sex (P=.16). There were no significant sex dif-
ferences by intention to tan (P=.78) and in sun protec-
tion behaviors of shade use (P=.90), total sunscreen
coverage (P=.90), and wearing a hat (P=.58) and sun-
glasses (P=.62). Clothing coverage was greater for males
owing, in part, to the fact that most males wore shorts;
also, there were proportionally more males (21=6.0;
P=.01) who reported wearing a shirt with sleeves while
on the beach (n=12 [27%]) compared with females (n=3
[7.1%]).
UVR EXPOSURE
The Figure displays the levels of ambient UVR for the 3
days of data collection monitored from 8 AM to 5 PM. A
total of 29.6 SEDs were recorded on day 1, with 26.5 SEDs
on day 2 and 30.6 SEDs on day 3. The mean (SD) amount
of personal UVR exposure that individuals received while
in full sun was 10.4 (5.8) SEDs (range,0.0-24.6 SEDs;
median=9.1 SEDs). Seven individuals (9%) who re-
ported spending 2 to 3 hours in the water received a sig-
nificantly (F2=3.8; P=.03) higher level of exposure (mean
exposure,14.8 SEDs; 95% confidence interval [CI],10.0-
20.3) compared with 33 individuals (40%) who spent 1
to 2 hours in the water (mean exposure,11.2 SEDs; 95%
CI,9.5-12.9) or the majority (42 participants [51%]) who
reported spending less than 1 hour in the water (mean-
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Figure. Amount of ambient UV radiation recorded during data collection.
SEDs indicates standard erythemal doses.
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exposure,9.0 SEDs; 95% CI,7.1-10.9). Individuals who
reported that they planned to tan while at the beach re-
ceived significantly higher levels (F1=13.3; P .001) of
UVR exposure (11.8 SEDs; 95% CI,10.3-13.2) than those
who had no intentions of tanning (7.0 SEDs; 95% CI,4.7-
9.2).
There were no significant differences in the level of
UVR exposure received by individuals based on demo-
graphic characteristics such as age (P=.11), residence
(P= .71), sex (P= .84), ethnicity (P= .42), education
(P= .90), and skin cancer risk (BRAT) (P= .47). Per-
sonal UVR exposure was calculated to exclude time re-
ported in shade, and persons using shade did not differ
in the amount of time at the beach compared with those
who did not (data not shown). Almost 23% of partici-
pants (20) reported using shade while at the beach, al-
though most (65% [13]) used it for less than 1 hour.
Therefore, it is not surprising that individuals reporting
shade use while at the beach received significantly less
UVR exposure (6.5 SEDs; 95% CI,3.9-9.0) compared with
those who did not report using shade (11.5 SEDs; 95%
CI,10.2-12.9). Furthermore, the amount of time spent
under shade was significantly associated with levels of
personal UVR exposure, with those reporting no shade
use receiving significantly higher levels of UVR expo-
sure (F2=9.9; P .001) than those who spent less than 1
hour under shade (7.5 SEDs; 95% CI, 5.2-9.8) or 1 or
more hours under shade (4.5 SEDs; 95% CI,0.8-8.2). No
other sun protection behaviors (clothing, hat, sun-
glasses, or sunscreen) were associated with the personal
UVR exposure measure, although it would be expected
that such behaviors would reduce the negative effects of
personal exposure.
LATENT CLASS ANALYSIS
Latent class models were evaluated for k=2-, 3-, and
4-class solutions to identify subgroups of participants who
have similar patterns concerning sun protection and con-
stitutional risk (where k is the number of classes re-
quested). The 2-class solution had good entropy (0.96),
with a significantly better fit than the 1-class solution
(LMR test,85; P .001); however, the 3-class solution
was superior to the 2-class solution (entropy,0.97; LMR
test,66; P=.002). The 4-class solution was identical to
the 3-class solution in grouping the participants, except
that 1 individual in the best protected class was put into
a class of his own, thus creating an unstable solution. No
further models were tested. Class membership, as-
signed via posterior probabilities, was used to deter-
mine how classes differed on the covariates, derivation
variables, and other related measures and outcomes
(Table).
The ordering of classes was arranged such that the
highest number represents the most or most effective sun
protection behaviors. All derivation variables were im-
portant in distinguishing the classes; thus, they show sig-
nificant differences (see the Table for P values). Age, a
covariate, showed a marginal difference between classes,
with the most protected class having the oldest mean age.
The derivation variables included indices calculated from
clothing worn on the beach, sunscreen use, and consti-
tutional risk indicators. Components of these indices were
also tested to describe the differences between classes.
The color of untanned skin did not differ by class, but
the self-description “sunburn easily” did. Sun protec-
tion habits of sunscreen total coverage and wearing a shirt
with sleeves and shorts all differed, whereas hat use did
not. Other variables unrelated to class derivation dif-
fered by class (Hawaii resident, skin color change ow-
ing to the day’s sun exposure, shirt with sleeves worn in
the water), others showed trends (time spent in the wa-
ter, sunscreen SPF level, and tanning salon use), and some
were not apparently related to class (concern about sun-
burn, SED, a sunburn in the past 48 hours, use of sun-
glasses).
The classes are as follows. Class 1 comprised those who
were unconcerned and at lower risk, which includes 24%
(21 subjects) of this sample, represents a group (11 were
male [52%], 71 were white [81%]) who used the least
amount of sunscreen and less clothing, used shade the
least, intended to tan, and had the fewest members with
a high risk of developing skin cancer. Most (15 subjects
[71.4%]) did not sunburn easily, 5 (24%) had used a tan-
ning salon within the past month, and 20 (95%) in-
tended to tan. Class 2 comprised tan seekers (47 sub-
jects [55%]) and had the highest proportion of females
(26 [55%]), a high proportion of white individuals (37
[79%]), and the highest number who reported that they
sunburn easily (30 [67%]). They used the most sun-
screen coverage and the least clothing coverage, their use
of shade was intermediate among the classes (9 [19%]),
and most (34 [76%]) intended to tan. This group com-
prised mostly visitors to Hawaii (44 subjects [94%]), and
they had the most tanning salon use (14 [30%]) and the
highest rate of sunburn in the past 48 hours (20 [44%]).
Class 3 comprised subjects who were concerned about
UVR and were protected (18 subjects [21%]; 13 [72%]
were male, and 12 [67%] were white), was the most care-
ful group with the most clothing coverage and shade use
and had the lowest proportion (5 subjects [28%]) with
an intention to tan. Most (9 subjects [60%]) even wore
shirts with sleeves into the water. This group included
the highest proportion with a high risk for skin cancer
(6 subjects [33%]) as well as the highest proportion at
low risk (9 [50%]), the most residents of Hawaii (6 [33%]),
and those with the most concern about painful sunburn
(4 [25%]).
COMMENT
During their time at the beach at the beach (mean time,
3 hours), most participants were exposed to some 10 SEDs
of UVR, equivalent to 5 times the UVR dose required to
result in erythema among unprotected fair-skinned popu-
lations. Approximately 60 subjects (70%) went to the
beach with an intention to tan, despite 32 (40%) report-
ing they had obtained a sunburn in the previous 48 hours.
Of those sunburned in the previous 48 hours, 14 (44%)
reported being sunburned again on the day of data col-
lection. Furthermore, almost 23% of participants (20) re-
ported attending a tanning salon in the past 30 days. These
findings add credence to previous research stating that
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vacationers to tropical locations intend to tan13 and are
prepared to become sunburned in the process.14 These
alarmingly high levels of UVR highlight an urgent re-
search priority, one that should be focused on provid-
ing a careful balance between reducing harmful intense
exposures to UVR while simultaneously promoting the
outdoor activities that many vacationers have traveled to
sunny locations to enjoy. This is particularly relevant be-
cause cancer prevention organizations are now actively
promoting the preventive benefits of physical activities,
which have the potential to conflict with sun protection
messages.25
Latent class analysis provides a person-centered ap-
proach that enables grouping of individuals who are simi-
lar to each other and different from other groups.24 This
analytical approach was used previously to ascertain
whether at-risk individuals were heterogeneous with re-
gard to risk and “usual” sun protection behavior and found
that male classes differed only in their use of sunscreen,
and females classes showed a continuum of sun protec-
tion vigilance with no distinct differences in their pat-
tern of habits.26 In this study, assessment of persons in a
high-risk setting allowed us to examine how the sun pro-
tection habits are used together in combination with con-
stitutional risk and a motivation to tan, albeit not in a
usual setting for most participants. Those in class 1 (un-
concerned and at lower risk) were a less protected group
who wore little sunscreen or clothing, had minimal use
of shade, and were less likely to sunburn. Those in the
most conscientious group (class 3, concerned and pro-
tected) were well covered by clothing, even wearing shirts
with sleeves in the water, used shade, had the highest pro-
portion at high (and low) risk, and were most con-
cerned about obtaining a painful sunburn. Those in class
2 (tan seekers) were visitors to Hawaii, intent on tan-
ning while at the beach regardless of the fact that they
sunburned easily, had obtained a sunburn in the past 48
hours, and almost 30% (14) had used a tanning bed in
the past 30 days. In terms of sun protection, those in class
2 had a greater reliance on the use of sunscreen than on
clothing coverage and used little shade. Those in class 2
are an important group to identify, and their desire to
tan and their reliance on sunscreen are important con-
siderations for intervention strategies. Although differ-
ent variables were used to identify population sub-
groups, these findings are very similar to those identified
Table. Latent Class Associations With Behavioral Outcomes and Attitudesa
Characteristic
Total Sample
(n=88)b
Class
P
Value
1
(n=21)
2
(n=47)
3
(n=18)
Covariates
Age, mean (SD), y 39.5 (13.8) 41.6 (14.2) 36.3 (12.5) 45.4 (14.7) .054
White race 77 81 79 67 .55
Male 51 52 45 72 .15
Derivation variables
Sunscreen coverage index, mean (SD) 31 (24) 6 (9) 51 (10) 9 (8) .001
Clothing coverage index, mean (SD) 34 (18) 27 (10) 27 (10) 64 (8) .001
Intent to tan 70 95 76 28 .001
Use of shade 23 10 19 44 .03
High constitutional risk, % 22 14 22 33 .03
Descriptive measures
Personal characteristics
Hawaii resident 15 19 6 33 .02
Fair or very fair untanned skinc 77 81 80 61 .26
Sunburns easilyc 51 29 67 39 .01
Concern about painful sunburn (somewhat/extremely), %d 14 5 15 25 .24
Sun exposure and protection
Personal UVR exposure, mean (SD), SED 10 (6) 13 (6) 10 (5) 9 (7) .21
Spent 1 h in water 50 52 55 28 .14
Hat worn on beachc 31 28 28 50 .18
Sleeves worn on the beachc 62 0 0 88 .001
Sleeves worn in the water 12 5 0 60 .001
Shorts or more worn on the beachc 59 58 44 100 .001
Sunglasses worn on the beach 59 61 59 64 .95
Sunscreen total coverage, mean (SD)c 40 (25) 9 (17) 57 (8) 32 (23) .001
Sunscreen with SPF 30e 73 50 70 100 .11
Tanning behavior
Tanning salon use in past month 23 24 30 6 .11
Sunburn in past 48 h 37 29 44 28 .38
Skin color change today (those who replied yes), % 84 91 89 59 .02
Abbreviations: SED, standard erythemal dose; SPF, sun protection factor; UVR, UV radiation.
aData are given as percentages except where indicated.
bThe sample size differs owing to missing values.
cUsed in the creation of derivation variable indices.
dOn a 5-point scale from 1 (not at all concerned) to 5 (extremely concerned).
eAmong those reporting use of that protection habit.
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by Pagoto et al.11 Although our study did not identify a
subgroup that had little interest in tanning and a low skin
cancer risk, both studies identified a subgroup that could
be identified as “sun worshippers” with moderate risk.
More information is required regarding the tanning mo-
tivations of this population subgroup in the current study.
Interventions that emphasize the detrimental appearance-
related aspects (erythema and premature aging), includ-
ing the provision of appropriate alternatives,27 coupled
with strategies that target the health-related risks asso-
ciated with intense doses of UVR exposure (skin can-
cers) may prove efficacious.
Further research is required to establish the motiva-
tions behind the willingness to get repeated sunburns
while on vacation for a group of individuals who sun-
burn easily. Population-based interventions, specifi-
cally those targeting the beach-going public, may be most
efficacious in targeting the risk-taking behaviors of those
in class 2, with the aim of reducing the amounts of UVR
they receive through improved sun protection prac-
tices. Although we are unable to determine if this group
of participants used sunscreen as a tanning aid28 or to pro-
tect themselves because of the sunburn they received over
the past 2 days, it is an important issue to elucidate in
future studies involving similar populations. Nearly one-
quarter of the beachgoers reported using a tanning bed
in the past 30 days. Although the motivation regarding
the use of tanning beds could not be determined in this
study, it has been reported that tanning beds have been
used to develop a “base tan” prior to vacations to sunny
locations.29,30 This practice is not protective, provides little
defense against subsequent exposure, and may be cu-
mulatively more damaging to the skin.31
Few public health programs have addressed the chal-
lenging problem of reducing the levels of sun exposure
obtained by vacationers traveling to tropical destina-
tions. Prior approaches have been in the form of brief,
knowledge-based strategies, such as brochures dissemi-
nated through the airlines.32,33 Not surprisingly, these
“one-shot” strategies did not reduce the levels of
reported sunburn among vacationers.32,33 However,
these approaches may be a useful adjunct to a more
comprehensive program implemented at the vacation
destination.33
Interpretation of these findings should be tempered
by the following limitations. Because of a small sample
size, our findings, including the latent class categoriza-
tion, may not be generalizable to all beachgoers. Fur-
thermore, this study assessed beach habits of individu-
als for only 1 day and may not be reflective of their usual
sun protection practices. All measures relied on self-
report, which has the potential for inaccuracy owing to
poor recall, difficulty estimating the frequency of rou-
tine behaviors, and social demand biases.34 However, given
the short recall period and the high proportions of det-
rimental health behavior (ie, sunburn), these may be a
relatively accurate indication of behavior. Furthermore,
all measures demonstrated good criterion validity when
compared with direct observation and sunscreen swab-
bing samples.16 Finally, we did not quantify the UVR lev-
els under natural or built shade structures, which lim-
ited our ability to estimate personal UVR exposure as a
result of shade use. Although the use of shade would have
the potential to reduce the levels of UVR exposure indi-
viduals received, there would have been great variabil-
ity depending on the type of structure and the attenua-
tion of the sun.35
Findings from this study indicate that the beach is an
ideal setting to initiate a program aimed at promoting
sun-safe practices while enjoying the many activities
that a day at the beach has to offer. Collaborative efforts
with key stakeholders such as local government, the
tourist industry, local business, and community repre-
sentatives should examine a broad range of strategies—
not just targeting individual behavior change, but also
the environment—to promote the reduction of intense
UVR exposures among beachgoers. Specific strategies
should target the subsets of the beach-going population
(particularly those in group 2—the tan seekers) that
intend to tan and sunburn repeatedly, taking into
account their relevant personal attributes and behavior
patterns. A balance should be provided between mes-
sages that focus on the immediate detrimental effects
(photoaging, soreness)36 as well as the long-term detri-
mental health effects (skin cancer) of excessive UVR
exposure, all the time balancing the health interests of
the public with the needs of local industry. It is impor-
tant that further research is undertaken to confirm
these findings among a broader range of geographic
locations, including diverse populations, and to initiate
trials of multilevel sun protection programs to address
this area of concern.
Accepted for Publication: January 24, 2008.
Correspondence: David L. O’Riordan, PhD, Australian
Sun and Health Research Laboratory, School of Public
Health, Queensland University of Technology, Kelvin
Grove Road, Kelvin Grove 4059, Queensland, Australia
(d.oriordan@qut.edu.au).
Author Contributions: Dr O’Riordan had full access to
all of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analy-
sis. Study concept and design: O’Riordan and Lunde. Ac-
quisition of data: O’Riordan, Steffen, Lunde, and Gies.
Analysis and interpretation of data:O’Riordan, Steffen, and
Gies. Drafting of the manuscript: O’Riordan, Steffen, and
Gies. Critical revision of the manuscript for important in-
tellectual content:O’Riordan and Lunde. Statistical analy-
sis: Steffen. Obtained funding: O’Riordan. Administrative,
technical, andmaterial support: Lunde and Gies. Study su-
pervision: O’Riordan. Instrument development: Lunde.
Financial Disclosure: None reported.
Funding/Support: This study was supported by Friends
of the Cancer Research Center of Hawaii.
Role of the Sponsors: The sponsors had no role in the
design and conduct of the study; in the collection, analy-
sis, and interpretation of data; or in the preparation, re-
view, or approval of the manuscript.
Additional Contributions: Alan Hong, BS, of the De-
partment of Parks and Recreation, City and County of
Honolulu, and Peter Rappa, MLS, of the School of Ocean
and Earth Science and Technology, University of Ha-
waii, assisted with this study. Regina Suyderhoud, BA,
Leilani Takeuchi, MA, MPA, and Jennifer Chee, RN, as-
(REPRINTED) ARCH DERMATOL/ VOL 144 (NO. 11), NOV 2008 WWW.ARCHDERMATOL.COM
1454
©2008 American Medical Association. All rights reserved.
Downloaded From: http://archderm.jamanetwork.com/ by a UQ Library User  on 11/12/2015
sisted with data collection. We thank all of the beach-
goers who participated in the study.
REFERENCES
1. Jemal A, Devesa SS, Fears TT, Hartge P. Cancer surveillance series: changing
patterns of cutaneous malignant melanoma mortality rates among whites in the
United States. J Natl Cancer Inst. 2000;92(10):811-818.
2. Jemal A, Devesa SS, Hartge P, Tucker MA. Recent trends in cutaneous mela-
noma incidence among whites in the United States. J Natl Cancer Inst. 2001;
93(9):678-683.
3. American Cancer Society. Cancer Prevention & Early Detection Facts & Figures.
Atlanta, GA: American Cancer Society; 2007.
4. U.S. Department of Health and Human Services. Healthy People 2010: Under-
standing and Improving Health.Washington, DC: US Dept of Health and Human
Services; 2000.
5. Rosso S, Zanetti R, Martinez C, et al. The multicentre south European study ‘He-
lios,’ II: different sun exposure patterns in the aetiology of basal cell and squa-
mous cell carcinomas of the skin. Br J Cancer. 1996;73(11):1447-1454.
6. Espinosa Arranz J, Sanchez Hernandez JJ, Bravo Fernandez P, et al. Cutaneous
malignant melanoma and sun exposure in Spain. Melanoma Res. 1999;9(2):
199-205.
7. Elwood JM. Melanoma and sun exposure: contrasts between intermittent and
chronic exposure. World J Surg. 1992;16(2):157-165.
8. Holman CDJ, Armstrong BK, Heenan PJ. Relationship of cutaneous malignant
melanoma to individual sunlight-exposure habits. J Natl Cancer Inst. 1986;
76(3):403-414.
9. Osterlind A, Tucker MA, Stone BJ, Jensen OM. The Danish case-control study of
cutaneousmalignantmelanoma, II: importance of UV-light exposure. Int J Cancer.
1988;42(3):319-324.
10. Weinstock MA, Rossi JS, Redding CA, Maddock JE, Cottrill SD. Sun protection
behaviors and stages of change for the primary prevention of skin cancers among
beachgoers in southeastern New England. Ann Behav Med. 2000;22(4):286-
293.
11. Pagoto S, McChargue D, Fuqua RW. Effects of a multicomponent intervention
onmotivation and sun protection behaviors amongMidwestern beachgoers.Health
Psychol. 2003;22(4):429-433.
12. Schauberger G, Keck G, Cabaj A. Trend analysis of solar ultraviolet exposure of
the Austrian population caused by holiday patterns since 1969. Photodermatol
Photoimmunol Photomed. 1992;9(2):72-77.
13. Ross SA, Sanchez JL. Recreational sun exposure in Puerto Rico: trends and can-
cer risk awareness. J Am Acad Dermatol. 1990;23(6, pt 1):1090-1092.
14. Manning DL, Quigley P. Sunbathing intensions in Irish people traveling to Medi-
terranean summer holiday destinations. Eur J Cancer Prev. 2002;11(2):159-
163.
15. Godar DE, Wengraitis SP, Shreffler J, Sliney DH. UV doses of Americans. Pho-
tochem Photobiol. 2001;73(6):621-629.
16. O’Riordan DL, Lunde KB, Steffen AD,Maddock JE. Validity of self-report sun hab-
its of beachgoers. Arch Dermatol. 2006;142(10):1304-1311.
17. Glanz K, Schoenfeld E, Weinstock MA, Layi G, Kidd J, Shigaki DM. Development
and reliability of a brief skin cancer risk assessment tool. Cancer Detect Prev.
2003;27(4):311-315.
18. Gies HP, Roy CR, Toomey S, MacLennan R, Watson M. Solar UVR exposures of
the three groups of outdoor workers on the Sunshine Coast, Queensland. Pho-
tochem Photobiol. 1995;62:1015-1021.
19. Herlihy E, Gies PH, Roy CR, Jones M. Personal dosimetry of solar UV radiation
for different outdoor activities. Photochem Photobiol. 1994;60(3):288-294.
20. Gies P,Wright J. Measured solar ultraviolet radiation exposures of outdoor work-
ers in Queensland in the building and construction industry.PhotochemPhotobiol.
2003;78(4):342-348.
21. Standard Commission Internationale de l’Eclairage. Erythema Action Spectrum
and Standard Erythema Dose. Vienna, Austria: Commission Internationale de
l’Eclairage; 1998.
22. Hill D, White V, Marks R, Borland R. Changes in sun-related attitudes and be-
haviours, and reduced sunburn prevalence in a population at high risk ofmelanoma.
Eur J Cancer Prev. 1993;2(6):447-456.
23. Hill D, White V, Marks R, Theobald T, Borland R, Roy C. Melanoma prevention:
behavioural and nonbehavioural factors in sunburn among and Australian ur-
ban population. Prev Med. 1992;21(5):654-669.
24. Muthen BO. Latent variable mixture modeling. In: Marcoulides GA, Schumacker
RE, eds. New Developments and Techniques in Structural Equation Modeling.
Mahwah, NJ: Lawrence Erlbaum Associates Inc; 2001:1-33.
25. Lawler S, Sugiyama T, Owen N. Sun exposure concern, sun protection behav-
iors and physical activity among Australian adults. Cancer Causes Control. 2007;
18(9):1009-1014.
26. Steffen AD, Glanz K, Wilkens LR. Identifying latent classes of adults at risk for
skin cancer based on constitutional risk and sun protection behavior. Cancer Epi-
demiol Biomarkers Prev. 2007;16(7):1422-1427.
27. Hillhouse JJ, Turrisi R. Examination of the efficacy of an appearance-focused
intervention to reduce UV exposure. J Behav Med. 2002;25(4):395-409.
28. Thieden E, Philipsen PA, Sandby-Moller J, Wulf HC. Sunburn related to UV ra-
diation exposure, age, sex, occupation, and sun bed use based on time-
stamped personal dosimetry and sun behavior diaries. Arch Dermatol. 2005;
141(4):482-488.
29. Diffey BL. Use of sunbeds for cosmetic tanning. Br J Dermatol. 1986;115(1):67-
76.
30. Knight JM, Kirincich AN, Farmer ER, Hood AF. Awareness of the risks of tanning
lamps does not influence behavior among college students. Arch Dermatol. 2002;
138(10):1311-1315.
31. Spencer JM, AmonetteR. Tanning beds and skin cancer: artificial sunold sol=real
risk. Clin Dermatol. 1998;16(4):487-501.
32. Dey P, Collins S, Will S, Woodman C. Randomised controlled trial assessing ef-
fectiveness of health education leaflets in reducing incidence of sunburn. BMJ.
1995;311(7012):1062-1063.
33. Segan CJ, Borland R, Hill D. Development and evaluation of a brochure on sun
protection and sun exposure for tourists. Health Educ J. 1999;58:177-191.
34. Glanz K, Mayer JA. Reducing ultraviolet radiation exposure to prevent skin can-
cer methodology and measurement. Am J Prev Med. 2005;29(2):131-142.
35. Gies P, Mackay C. Measurements of the solar UVR protection provided by shade
structures in New Zealand primary schools. Photochem Photobiol. 2004;80
(2):334-339.
36. Pagoto SL, McChargue DE, Schneider K, Werth Cook J. Sun protection motiva-
tional stages and behavior: skin cancer risk profiles. Am J Health Behav. 2004;
28(6):531-541.
Archives Feature
Free color publication if color illustrations enhance the
didactic value of the article.
(REPRINTED) ARCH DERMATOL/ VOL 144 (NO. 11), NOV 2008 WWW.ARCHDERMATOL.COM
1455
©2008 American Medical Association. All rights reserved.
Downloaded From: http://archderm.jamanetwork.com/ by a UQ Library User  on 11/12/2015
